Results: There were 827 and 1490 CVD-free and CVD participants, respectively.
frailty and CVD are likely to arise due to the activation of inflammatory pathways, and it has been suggested that there is a bidirectional relationship between the two. 4, 5 As such, it is imperative that these conditions are managed effectively so as to improve patient outcomes.
We and others have shown that movement behaviors, including moderate-vigorous physical activity (MVPA) and sedentary time (ST), are independently associated with lower frailty levels. [6] [7] [8] We demonstrated that the total accumulation of MVPA is independently associated with lower frailty levels, which goes against current recommendations from the World Health Organization for accumulated MVPA in at least 10-minutes bouts for health benefits. 6 We also revealed that prolonged sedentary bouts lasting at least 30 minutes were detrimentally associated with frailty independent of total ST. In contrast, breaking up ST with higher-intensity and longer-duration bouts were related to lower frailty levels, while the frequency of these breaks was not. These data suggest that breaking up long bouts of ST with short interruptions of higher intensity physical activity may be related to lower frailty levels.
Here, we expand on this investigation to determine if bouts of Americans aged 3-85 years. Sampling was conducted using a multistage probability sampling approach, and consisted of four stages: (a) primary sampling units were selected by single counties or groups of counties with probability proportional to a measure of size; (b) primary sampling units were divided into segments; (c) households in each segment were randomly selected (oversampling of age, ethnic, and income groups led to higher probability of selection in these groups); and (d) individuals were chosen to participate in NHANES from all persons residing in selected households and were drawn at random within designated age-sexethnicity screening sub-domains.
We included ambulatory participants aged at least 50 years old who each wore a uniaxial, hip-mounted accelerometer (Actigraph model 7164) for at least four out of 7 days, 10 hours/d. Individuals were separated according to the presence of CVD, which was defined as self-reporting at least one of the following conditions: high blood pressure, myocardial infarction, heart disease, stroke, angina, or heart failure. Participants were excluded if they did not have sufficient data to assess frailty and were missing covariates. The
Institutional Review Board of the Centers for Disease Control and
Prevention approved the NHANES study.
A 46-item frailty index (FI) was developed to measure frailty based on one that has been previously published within NHANES. 7, 10 An FI typically consists of signs, symptoms, chronic conditions, physical and cognitive impairments, self-rated health, and biomarkers.
11
An FI is the ratio of health deficits present. The present study used a 0-100 scale for enhancing interpretability of analyses. Note that CVD-related deficits were included in the FI.
Minute-by-minute accelerometry data were used to assess MVPA and sedentary behaviors. Physical activity intensity cutpoints for MVPA were ≥2020 counts/min and time spent in sedentary behaviors had a threshold of 0-100 counts/min based on previously published literature. 12 Accelerometer wear time was determined by subtracting non-wear time from a 24-hours pe- 
| Statistical analysis
To account for the complex survey design in NHANES, the SAS 9.4
(SAS Institute, Cary, NC, USA) survey procedures were used (proc surveymeans, proc surveyfreq, and proc surveyreg 
| RE SULTS

| Descriptive statistics
From 3177 participants who were aged at least 50 years or older with valid data from accelerometry, no missing covariates, and missing <20% FI variables, 11 there were 1490 individuals defined as having CVD and 827 without CVD with complete data (Table 1 ).
Compared to participants without CVD, those with CVD were older, had a higher FI, had a higher body mass index, were more likely to be non-Hispanic Black, generally had a lower education and income, and were current smokers. Those with CVD were less active than those without CVD, as they accumulated about half the amount of bouted (22 vs 42 minutes/wk) and less sporadic (45 vs 66 minutes/ wk) MVPA than those without CVD. People without CVD were more likely to meet the physical activity guidelines through bouted (4.6% vs 7.9%) or sporadic (4.8% vs 10.6%) MVPA. In general, CVD participants had a higher amount of total ST, accumulated more prolonged bouts of ST, and had a lower frequency, intensity, and duration of breaks in ST than CVD-free participants.
| MVPA-frailty relationship
Univariate analyses demonstrated that, in both groups, achieving a higher amount of bouted and sporadic MVPA as assessed by meeting a percentage of the physical activity guidelines was associated with reduced frailty (Table 2) . Meeting 1%-49% of the guidelines through bouted MVPA was not associated with a lower FI in those without CVD. A significant CVD interaction was found for bouted and sporadic MVPA in separate models, with the strength of association with frailty being higher in those with CVD. Results were similar for the age, sex, and accelerometer wear time models, although the strength of associations were slightly attenuated. For the fully adjusted models examining the individual and independent associations of bouted MVPA and sporadic MVPA (Table 2) , achieving a higher percentage of bouted MVPA was significantly associated with lower frailty levels in participants with CVD, but not in those without CVD (P < 0.05 for interaction). Sporadic MVPA was associated with a lower frailty score in both groups.
Multivariable linear regression models combining bouted and sporadic MVPA into a fully adjusted model are provided in Table 3 .
This model showed a protective association with achieving a higher percentage of physical activity guidelines with bouted MVPA for CVD participants only (Model 1, P < 0.05 for interaction). There was a peak in the strength of association at meeting 50%-99% of the guidelines through bouted MVPA. A similar relationship between bouted MVPA and frailty was revealed when a model added prolonged sedentary bouts, and the frequency, intensity, and duration of breaks in ST (Table 3) . Meeting a higher percentage of the guidelines through sporadic MVPA was associated with a lower FI to a similar extent in both groups when bouted MVPA was added to the model (Table 3 ).
| Sedentary behavior patterns and frailty
In the univariate models examining sedentary pattern variables individually, prolonged ST was associated with worse frailty in both groups ( Table 2 ). The frequency of breaks from ST was associated with a lower FI score in those with CVD only (P > 0.05 for interaction). Both the intensity and duration of breaks from ST were associated with a lower FI in both groups. There was a statistically significant CVD interaction found for both variables, with a stronger protective relationship from a more severe frailty state in those with CVD. The age-, sex-, and accelerometer-wear-time-adjusted models revealed similar results. However, the frequency of breaking up ST was no longer associated with lower frailty levels in those with CVD.
Fully adjusted stratified models examining the individual and independent associations between individual ST pattern variables with frailty are found in Table 2 . Prolonged sedentary bouts were associated with worse frailty levels in CVD participants only (P > 0.05 for interaction). Total breaks in ST were not associated with frailty in either of the groups. The intensity of breaks from ST was associated with a lower FI in both groups. A significant CVD interaction was found; the CVD group's average break intensity was more strongly associated with lower frailty levels. The durations of breaks from ST were associated with lower frailty levels in those with CVD, but not in those without CVD (P < 0.05 for interaction).
Fully adjusted linear regression models combining the sedentary bout patterns are described in Table 3 . Prolonged bouts of ST were significantly associated with worse frailty in CVD participants only either of the groups. Average break intensity was associated with a lower FI in both groups, but no interaction between groups was found. For participants with CVD, the duration of breaks from ST was significantly associated with lower frailty levels, but this was not the case for those without CVD (P > 0.05 for interaction).
| D ISCUSS I ON
The present study demonstrates that patterns of MVPA and ST are differentially associated with frailty according to CVD status.
A key finding of the present study was that MVPA accumulated in at least 10-minute bouts had a protective association with frailty in those with CVD only. Meanwhile, sporadic MVPA accumulated in <10-minute bouts was similarly associated with frailty despite CVD status, and appeared to have a stronger protective association compared to bouted MVPA. Prolonged sedentary bouts were associated with worse frailty in participants with CVD, but not in those who were CVD-free. Despite CVD status, the average intensity at which breaks from ST were performed was associated with lower frailty levels despite being active, although this association was stronger in those with CVD. Overall, these findings extend our understanding of the benefits of physical activity and the consequences of ST with frailty according to CVD status.
The World Health Organization physical activity guidelines recommend that adults accumulate at least 150 minutes/wk of MVPA in 10-minutes bouts or longer for health benefits. 13 Similar recommendations are provided to adults with CVD, although they are silent on the way in which MVPA should be accumulated. 14 The present study provides evidence that bouted MVPA is strongly associated with lower frailty levels in participants with CVD, whereas there was no significant association found in those without CVD. It is unclear why bouted MVPA was only significantly associated with frailty in those with CVD, but there is likely a mechanistic link between longer physical activity duration with cardiovascular health.
We speculate that in patients with CVD, longer-duration MVPA is protective from further damage to the endothelium and improves overall vascular function. 15 However, further evidence is needed to clarify this hypothesis.
The present study demonstrates that regardless of how MVPA is accumulated, it is significantly associated with lower frailty levels despite CVD status. This confirms the findings from a comprehensive review of interventional studies as well as previous epidemiological studies comparing the link between shorter versus longer bouts of physical activity on cardiovascular health. [16] [17] [18] Interestingly, we demonstrate that meeting less than half of the physical activity guidelines through sporadic MVPA is clinically meaningful.
Specifically, a β-coefficient of ±2.17 represents a one-FI deficit difference in the present study. Therefore, participants with CVD who met 1%-49% of the physical activity guidelines through sporadic
MVPA had approximately one fewer deficits than those who met 0% of the guidelines. These data suggest that current physical activity recommendations should include sporadic MVPA for health benefits, and that lower amounts of MVPA below the currently recommended 150 minutes/wk may reduce frailty; this recommendation is supported by others. 19 The findings here extend our previous investigation with regards to the relationship between patterns of sedentary behaviors with frailty. 6, 8 We demonstrate that prolonged ST is associated with a TA B L E 1 (Continued) All models are adjusted for age, ethnicity, education, annual household income, marital status, smoking status, alcohol consumption, body mass index, total ST, and accelerometer wear time. Models are also adjusted for variables within the specific models presented. To complement that evidence, it should be determined if more intense breaks of longer duration can support reductions in ST, along with deriving significant health outcomes as was found in the present study.
| Limitations
There are limitations to consider with the use of an accelerometer to classify intensity of physical activity and sedentary behaviors.
Specifically, the accelerometer cut-points used may not be appropriate for the cohort studied, leading to potential inaccurate estimates of MVPA and ST. Standard accelerometer cut-points typically used in NHANES were chosen because to date there is no consensus on appropriate cut-points to use in an older population. 25 The accelerometers used in NHANES may not accurately capture all movements of activities of daily living, possibly underestimating physical activities and their associations with frailty in the present study. 26 With regards to CVD, there was no standard definition in NHANES to separate groups by CVD status. Also, this cross-sectional study could not determine if higher frailty was a consequence of CVD, or vice versa. Given the bidirectional relationship between CVD and frailty, a larger prospective study is needed. 5 
| CON CLUS IONS
These data suggest that sporadic MVPA is equally important to reducing frailty despite CVD status, while bouted MVPA was associated with lower frailty levels in CVD patients only. Breaking up ST with light-vigorous intensity breaks resulted in significant associated reductions in frailty in those with and without CVD, which may help inform the development of CVD-specific and general public health sedentary behavior guideline recommendations.
